Purpose Cross-sectional studies have established the prevalence and functional impairment of somatic symptoms in cancer patients. The purpose of this study was to determine the trajectory and adverse consequences of such symptoms over time.
Studies of symptom prevalence in cancer have often focused on patients with advanced cancer or with selected types of cancer seen at tertiary care centers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A systematic review of 18 studies showed that common somatic symptoms include fatigue (62 %), dry mouth (42 %), insomnia (41 %), pain (36 %), anorexia (32 %), numbness/tingling (29 %), constipation (27 %) , dyspnea (26 %), nausea (21 %) , and dizziness (20 %) [12] . Notably, 40 % to 61 % of patients experienced more than one symptom and 22 % to 30 % of patients experienced more than five concurrent symptoms. Somatic symptoms can have a substantial impact on functional status, quality of life, and even a desire for hastened death [7, [13] [14] [15] [16] [17] [18] .
The purpose of this report is to examine the longitudinal course of somatic symptoms in cancer patients and the impact of somatic symptoms on functional status and disability outcomes. Previous cross-sectional studies have established the point prevalence of symptoms but not their development or course over time, knowledge of which could guide decisions about the frequency of screening for somatic symptoms. Also, determining the functional consequences of somatic symptoms can help gauge their importance as a target for detection and treatment.
Data were derived from the baseline and follow-up interviews of patients enrolled in the Indiana Cancer Pain and Depression (INCPAD) trial. The specific questions addressed in this paper are:
1. What is the prevalence of specific somatic symptoms, and does the prevalence change over 12 months? 2. What is the trajectory of symptoms over 12 months, i.e., what proportion of symptoms resolve, persist, or develop de novo over 12 months? 3. Do changes in somatic symptom burden predict functional status and disability?
Methods

Setting and sample
The current paper uses baseline data from patients enrolled in the INCPAD trial which is described in detail elsewhere [19, 20] . Briefly, participants were recruited from 16 oncology outpatient sites throughout urban and rural areas of the state of Indiana to test the effectiveness of telecare management versus usual care for the treatment of depression and/or cancer-related pain. From March 2006 through August 2008, patients presenting to the oncology practices on selected days were screened for INCPAD study inclusion. Patients were potentially eligible if they had depression or pain of at least moderate severity [i.e., a Patient Health Questionnaire eight-item depression scale (PHQ-8) score of ≥10, [21, 22] or worst pain in the past week of ≥6 on a 0 to 10 scale [19] ]. Additionally, pain had to be cancer-related and persistent despite the use of at least one analgesic.
Patients were excluded if they were non-English speaking, pregnant, or in hospice care; had moderately severe cognitive impairment, schizophrenia, or other psychosis; or had a disability claim currently being adjudicated for pain.
Measures
Assessments were done at baseline, 1, 3, 6, and 12 months by research assistants blinded to treatment group. Somatic symptoms were measured by a 22-item somatic symptom burden scale. This scale consists of 14 symptoms from the PHQ-15 somatic scale (all items except sexual dysfunction) [23] plus eight symptoms selected from the Memorial Symptom Assessment Scale [24] and the MD Anderson Symptom Inventory [8] . Respondents are asked to rate on a 0 to 2 scale the degree to which each symptom has bothered them in the past 4 weeks from "not bothered at all" to "bothered a little" to "bothered a lot". The scale had good internal reliability (Cronbach's alpha00.76). Increasing scores on this 0 to 44 point scale reflect a greater number and/or greater severity of symptoms; thus, higher scores reflect greater somatic symptom burden.
Functional status was assessed with the SF-12 Physical Component Summary (PCS) and Mental Component Summary (MCS) scores, each of which is scored 0 to 100 with 50 representing the normative value for the general population and lower scores representing greater functional impairment [25] . Disability was assessed with two measures. One was the three-item Sheehan Disability Scale (SDS) which asks respondents to what extent on a 0 to 10 scale their health has interfered with their work, family life, and social life in the past month [26] . The SDS score is the mean of the three items and higher scores reflect greater disability. A second measure was total disability days (TDDs) in the past 4 weeks which was the number of days that respondents reported they either had to stay in bed or reduce their usual activities by at least 50 % due to physical health or emotional problems [27] .
Depression severity was assessed with the 20-item Hopkins Symptom Checklist depression scale (HSCL-20), with higher scores on this 0 to 4 scale reflecting more severe depression [28, 29] . Medical comorbidity was assessed by a checklist of eight common categories of medical disorders, including heart disease, pulmonary disease, diabetes, hypertension, neurological conditions, arthritis, liver disease, and renal disease [30] . Sociodemographic variables included age, sex, race, education, employment, and income. The Socioeconomic Disadvantage index assigns one point each for low education (less than high school), unemployment, and low income ("not enough to make ends meet"). [31] . Higher scores on this 0 to 3 scale represent worse socioeconomic conditions. Cancer type and phase were abstracted from the oncology records. Cancer phase was categorized as newly diagnosed, maintenance therapy only, disease-free, recurrent cancer, and progressive cancer.
Statistical analysis
Study question 1 The prevalence of each of the 22 somatic symptoms was determined at baseline, 1 month, 3 months, 6 months, and 12 months.
Study question 2 For the study participants who completed a 12-month assessment, we determined the proportion reporting each symptom at both baseline and 12 months (a persistent symptom), at 12 months only (an incident symptom), and at baseline only (a resolved symptom).
Study question 3 Multivariable modeling using repeated measures (MMRM) analysis was conducted to determine whether antecedent change in somatic symptom burden predicted subsequent disability and functional status. This MMRM modeling approach [32, 33] examined whether change from baseline to 1 month somatic symptom burden predicted 1-month disability and functional status; whether change in 1-month to 3-month somatic symptom burden predicted 3-month disability and functional status; and the same for 3-to 6-month change, and 6-to 12-month change. Separate models assessed two disability outcomes (SDS and TDD) and two functional status outcomes (PCS and MCS). TDD (the total number of disability days in the past 4 weeks) ranged from 0 to 28. However, the distribution of TDDs was bimodal (U shaped). We, therefore, recoded TDD as a binary variable (<14 days00; ≥14 days01).
For the disability outcomes (SDS and MDD), the predictor variable was somatic symptom severity change between each time point over 12 months (T0-T1, between baseline and 1 month; T1-T3, between 1 month and 3 months; T3-T6, between 3 months and 6 months; and T6-T12, between 6 months and 12 months). For the functional status outcomes (PCS and MCS), there were two somatic symptom change intervals (T0-T3 and T3-T12) since the SF-12 was assessed at only three time points (0, 3, and 12 months). Data from available participants at each time point were examined using linear mixed effects repeated measures analysis for the three continuous outcomes (SDS, PCS, and MCS), and generalized linear mixed effects repeated measures analysis for the binary outcome of TDD ≥14 days. The random subject effect was incorporated into the model to accommodate the potential correction among the repeatedly measured outcomes within the subject. Then we developed two adjusted models for each outcome. The first model adjusted for age, sex, race, socioeconomic disadvantage index, medical comorbidity, cancer type and phase, treatment group (intervention vs. control), time in months since baseline, and baseline value of the disability or functional status outcome being modeled. The second model adjusted for the same covariates plus the baseline HSCL-20 depression score. Since the predictor being modeled (the 22-item somatic symptom score change) already contained five pain symptoms, the model was not adjusted for the baseline Brief Pain Inventory score due to concerns about multicollinearity and overadjustment for pain. All analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).
Results
Characteristics of study participants
Of the 405 participants enrolled, randomization resulted in intervention (n0202) and control (n0203) groups balanced in terms of baseline characteristics. The sample included 131 (32 %) participants with depression only, 96 (24 %) with pain only, and 178 (44 %) with both depression and pain. Enrolled participants had a mean age of 58.8 (range, 23-96) years, 69 % were women, 80 % were white, and 49 % were married. The type of cancer was breast in 118 (29 %) of the participants, lung in 81 (20 %), gastrointestinal in 70 (17 %), lymphoma or hematological in 53 (13 %), genitourinary in 41 (10 %), and other in 42 (10 %). The phase of cancer was new onset in 150 (37 %), maintenance or disease-free in 172 (42 %), and recurrent or progressive in 83 (21 %). Additional characteristics of the INCPAD sample are detailed elsewhere [20] .
Prevalence of symptoms over 12 months
The prevalence of each of the 22 somatic symptoms over time was determined for study participants who completed assessments at baseline (n0405), 1 month (n0354), 3 months (n0335), 6 months (n0304), and 12 months (n0269). The 12-month mortality rate was 21 % (n085 participants), with death being the most common reason for non-assessment at each follow-up interview. Among participants still alive at each follow-up point, assessment rates were uniformly high, including 88.1 % (354/402) at 1 month, 86.1 % (335/389) at 3 months, 83.7 % (304/ 363) at 6 months, and 84.1 % (269/320) at 12 months.
The proportion of patients reporting each symptom at the five assessment points is summarized in Table 1 . Fatigue, insomnia, and pain complaints were the most common symptoms which is not surprising given the fact patients were enrolled because of depression and/or cancer-related pain. However, 15 of the 22 symptoms were endorsed by more than half of the patients at baseline, and 20 of the symptoms were endorsed by more than a quarter. When looking at only major symptoms (i.e., the subset which patients rated as being "bothered a lot" by), 13 of the 22 symptoms were endorsed by more than a quarter of patients at this more bothersome level of severity. Notably, the prevalence of most symptoms either remained unchanged or declined only modestly throughout the entire 12 months. Figure 1 illustrates the rather constant 12-month prevalence of selected general symptoms and pain symptoms.
Trajectory of symptoms over 12 months Table 2 shows the proportion of patients in whom symptoms were persistent, resolved, or incident over 12 months, derived from the sample of 269 patients in whom interviews were completed at both baseline and 12 months. This data on trajectory over 12 months complements in an important fashion the cross-sectional prevalence data for each time point. Though persistence is the most common category, resolution and new incidence constitute important subsets for most symptoms. Figure 2 illustrates the frequency distribution of outcomes for the subset of patients who reported a particular symptom as highly bothersome at either the beginning or end of the study; data is shown for the 14 most common symptoms (i.e., those reported at either baseline or 12 months in 20 % or more of the 269 patients). For the 14 symptoms overall, the mean (median) distribution of outcomes was 38.9 % (36.6 %) for symptom persistence, 23.8 % (25.3 %) for incidence, and 37.3 % (36.7 %) for resolution. Thus, what appears as a rather constant prevalence of symptoms over time when data is summarized at a group level (Table 1 and Fig. 1 ) belies the fact that symptoms persist in some patients while resolving or developing de novo in others.
Somatic symptoms burden as a predictor of functional status and disability
The multivariable repeated measures modeling results summarized in Table 3 demonstrate that antecedent change in somatic symptom burden predicts subsequent functional status and disability. A reduction in somatic symptom burden predicted improvement in all three continuous outcomes: SDS, PCS, and MCS. A five-point change in the somatic symptom burden score approximates a clinically significant change [31] . To convert this into a standardized effect size, the beta coefficient is multiplied by five and then divided by the baseline standard deviation (SD) for the outcome being modeled. The baseline SD for the SDS, PCS and MCS was 2.86, 8.83, and 12.43 respectively. Thus, the magnitude of improvement predicted, in fully adjusted models, by an antecedent five-point reduction in somatic symptom burden is an effect size of 0.12 for SDS, 0.14 for PCS, and 0.10 for MCS.
An antecedent change in somatic symptom burden also predicted total disability days. Specifically, a five-point a Number of patients assessed at 0, 1, 3, 6, and 12 months was 405, 354, 335, 304, and 269, respectively. Any symptom includes reporting being "bothered a little" or "bothered a lot", and major symptom includes only those reporting being "bothered a lot" b Menstrual symptoms were elicited only from women ≤50 years old (n0168, 155, 129, 106, and 50 at 0, 1, 3, 6, and 12 months, respectively) reduction in somatic symptom burden predicted a lower likelihood of reporting 14 or more disability days in the past 4 weeks, both in the model adjusting for covariates (odds ratio, 0.85; 95 % CI, 0.75 to 0.96) as well as in the model adjusting for covariates and baseline depression severity (odds ratio, 0.84; 95 % CI, 0.74 to 0.95).
Discussion
Our 12-month longitudinal study of somatic symptoms in cancer patients with pain and/or depression has several important findings. First, the high prevalence of cancer symptoms previously demonstrated in multiple crosssectional studies remains constant over time. Second, the presence or absence of specific symptoms at the level of the individual patient is not entirely a static phenomenon; rather, persistence in many patients is coupled with resolution or incidence in an important minority. Third, reduction in somatic symptom burden predicts better functional status and less disability.
All of the patients in our sample had depression and/or pain which could have inflated somatic symptom prevalence, especially since depression is known to be associated with increased somatic symptom reporting in non-cancer populations [34] . However, as summarized in Table 4 , the cross-sectional prevalence of symptoms in our study is within the range reported in two recent literature syntheses: 18 studies totaling 3,227 patients with a wide range of cancer types and phases [12] , and 44 studies totaling 25,074 patients with recurrent or progressive cancer [10] .
Although the effect size of a reduction in somatic symptom burden on improvements in disability and functional status is modest, it should be noted that our findings represent the independent effect after adjusting for multiple covariates, including patient age and other demographic characteristics, medical comorbidity, type and phase of cancer, intervention effects of the clinical trial, and depression. In addition to its positive effects on physical and mental functional status, a clinically significant reduction in somatic symptom burden predicted a 16 % reduction in the likelihood of high disability (i.e., two or more weeks in the past month during which the patient had to limit his or her activities by at least 50 %).
The majority of epidemiological studies of cancer-related symptoms have been cross-sectional rather than longitudinal. While demonstrating the point prevalence of symptoms, such studies can neither delineate the trajectory of symptoms over time nor determine the predictive impact of changes in somatic symptoms on subsequent disability and functional status. Longitudinal studies have been fewer and have principally focused on one or a few rather than multiple somatic symptoms and have assessed a single follow-up time point rather than multiple time points using repeated measures analysis.
Of the three studies most salient to our present paper, two were consistent with our findings that a majority of individuals with cancer have multiple concurrent symptoms that persist over time. Kjaer and colleagues assessed 18 symptoms multiple times over 12 months in 2,486 Danish cancer survivors participating in a rehabilitation program [35] . They found that 95.7 % of patients reported having ≥1 symptom, and 62 % of those rated the symptom as severe. Those with ≥1 severe symptom had significantly poorer quality of life and lowered physical, emotional, social, and cognitive functioning at baseline and at 12 months compared to those without a severe symptom. In a systematic review of 79 studies (72 % were longitudinal), Harrington et al. reported that a variety of symptoms are prevalent for five or more years following any type of primary treatment across multiple and diverse types of cancer [36] . In contrast, Yamagishi et al. assessed 12 symptoms longitudinally (median of six assessments) among 462 Japanese cancer outpatients starting chemotherapy and, compared to our study, Frequency distribution (%) of outcome categories in subgroup of patients with each symptom Fig. 2 Frequency distribution of outcome categories among subgroup of patients with a particular symptom who reported being "bothered a lot" by that symptom at both baseline and 12 months (persistent), at 12 months but not at baseline (incident), or at baseline but not at 12 months (resolved). The sample comprised the 269 patients who had completed interviews at both baseline and 12 months found a lower prevalence and persistence of somatic symptoms across all time points [11] . Of note, these authors found that higher psychological distress predicted greater somatic symptom burden at follow-up. Our study has several limitations. First, all of the patients in our sample had depression and/or pain. Although the cross-sectional prevalence of somatic symptoms was in the range reported in previous studies (Table 4) , it is still possible that comorbid depression influenced somatic symptom trajectory over time as well as impact on functional status and disability. However, we did control for depression in our models. Also, since patients in the intervention arm of our study received aggressive treatment for their depression and pain, it is possible that the rather high persistence of somatic symptoms documented in our study may in fact be an underestimate. Still, the degree to which our findings apply to cancer patients without depression or pain needs further study. Second, we enrolled patients with a wide range of cancer types and phases which increases the generalizability of our findings but at the same time also decreases our ability to draw firm conclusions about any one type or phase of cancer. Again, however, we did control for the type and phase of cancer in our models, therefore demonstrating the independent effect of somatic symptom burden. Third, all measures, including disability, were self-report. Though other studies document the functional and work consequences of cancer, our findings would be further substantiated by independent measures of disability.
The potential clinical implications of our study should also be noted. One is the need for a multi-symptom a Prevalence rates represented mean pooled prevalence across all studies in which that symptom was assessed; not every symptom was assessed in each study. Current study included only those symptoms reported as major (i.e., "bothered a lot") by patients b Literature synthesis of 18 studies assessing multiple symptoms in patients with a range of cancer types and phases c Literature synthesis of 44 studies assessing multiple symptoms in patients with recurrent or progressive cancer approach to cancer care, in which all of the symptoms endorsed by a patient as problematic are identified and comprehensively managed. The promising work by Given and colleagues should catalyze much more clinical attention as well as research on multi-symptom management [37] [38] [39] . While some treatments are symptom specific, others may be effective across more than one type of symptom (e.g., cognitive-behavioral therapy, antidepressants, exercise) [40] . A second implication is the need for continuity of care for symptom management across the entire spectrum of cancer since symptom prevalence was high across all types and phases of cancer. Frequently, symptom management may be the purview of the oncologist during active treatment of newly diagnosed or progressive cancer, the primary care clinician in patients who are disease-free or on maintenance therapy, and the palliative care clinician during endof-life care. This speaks not only to the need for training multiple types of clinicians in symptom management but also for effective communication among various members of the cancer care team so as to avoid gaps in symptom recognition and management. Third, new models for comprehensive management of cancer-related symptoms could be disseminated including collaborative care, telecare management, enhanced self-management, and expansion of palliative care services to include supportive care for symptoms across the continuum of cancer care.
